Abstract. The Cryogenic Dark Matter Search experiment (CDMS) is using Phonon+Ionization detectors to search for Dark Matter in the form of Weakly Interactive Massive Particles (WIMPs). We report on new results from the operation of CDMS five "towers" at Soudan underground laboratory. With new and more massive detectors, SuperCDMS project has been started since March 2009. We report on the current status of SuperCDMS and its perspective.
INTRODUCTION
concordance model of cosmology. The Cryogenic Dark Matter Search (CDMS) seeks to detect WIMPs via their interaction with nuclei in crystals of Ge or Si at milhkelvin temperatures. CDMS uses ZIP (Z-sensitive ionization and phonon) detectors [3] to discriminate between electron-recoils (most backgrounds) and nuclear-recoils (WIMPs and neutrons) on an event-by-event basis via a simultaneous measurement of ionization and athermal phonons. Bulk and surface electron-recoils are rejected using the relative amplitudes and timings of these signals. In particular the phonon timing parameters are faster for events occurring close to the ionization electrodes ( Fig. 1) where a few micron dead-layer depletes the ionization collection. 
10
-5 0 5 i'hanon risetime -f delay (\xs from cut) FIGURE 1. Left: Ionization yield versus phonon-timing parameter for calibration data with recoil energies 10-100 keV in a Ge detector [5] . Three different classes of events are shown: Ba gamma-calibration bulk (red dots) and surface (black crosses) event as well as nuclear recoils (light blue circles) from Cf. The vertical dashed line indicates the minimum timing parameter allowed for WIMP event and the box indicates the approximate signal region. Right: timing parameters and yields are scaled to overlap for all Ge detectors used in run 123, 124 analysis. The vertical axis represents the distance in a from nuclear recoil band and the horizontal distance from timing cut defined based on the calibration data. No nuclear recoil candidate observed in the signal region for this data, the signal region is approximated with rectangular box.
CDMSII 5 TOWER RUN RESULTS

Standard WIMP analysis
The CDMS II project included the fabrication, testing and operation of five towers of detectors, each with six ZIP detectors. Energy calibrations were performed repeatedly during the runs using a ^^^Ba gamma source with distinctive lines at 356 keV and 384 keV. The agreement between data and Monte Carlo simulations and the observation of the 10.4 keV Ga line from neutron activation of Ge indicated that the energy calibration was accurate and stable to within a few percent. In addition to gamma calibration data (using the ^^^Ba source) three times per week, neutron calibration data (with an external ^^^Cf source) were taken seven times throughout the runs to characterize nuclear recoils in the detectors.
The first analysis of the five-tower data from Soudan was based on runs taken between October 2006 and July 2007. This blind analysis incorporated more extensive data quality checks and improvements to the event reconstruction algorithm. As with previous analyses, electron recoils were distinguished from nuclear recoils using a combination of ionizationyield and phonon-timing cuts. These parameters were adjusted based on calibration data to maximize discovery potential by limiting expected backgrounds to less than one event in the signal region. After opening the WIMP search data, this analysis, shown in Fig. 1 , revealed no candidates in 397.8 kg-d raw exposure of the Ge detectors, consistent with a predicted background of 0.6 +0.3/-0.2 (stat.) +0.3/-0.2 (syst.) events. Over half the expected background is associated with the three detectors that are at the top or bottom of the detector stacks, and thus benefit less from self-shielding. As shown in Fig. 2 , the combined data taken at Soudan result in an upper limit on the spin-independent WIMP-nucleon cross-section of 4.6x lO-""* cm^ at the 90% C.L. for a WIMP mass of 60 GeV/c^, under standard assumptions about the galactic halo. These limits are a factor of = 3 stricter than our previously published results. . We accumulated further raw exposure 750 kg-d, which is almost two times greater than that used for our most recent result. Based on this projected raw exposure for CDMS II, we expect to extend our sensitivity for a WIMP-nucleon cross section down to a 90%-C.L. upper limit of approximately 2. Ix l O""*"* cm^ at 60 GeV/c^ mass for our projected background of 0.5 events (without background subtraction). This expectation assumes exclusion of the detectors on the top or bottom of the detector stacks and continued modest analysis improvements leading to 2 x better background rejection. The blind analysis for these data is nearly finalized and will be ready for publication toward the end of this summer.
New Analysis: Low mass WIMPs and Axoinic search
The collaboration is also extending the analysis of the CDMS II data in two new directions: the first is optimized to search for low-mass WIMPs, and the second probes for a possible solar or cosmological axion signal. For the standard WIMP limit analysis, setting the energy threshold at 10 keV is a strict method of ensuring good electron to nuclear recoil discrimination. However, specialized analyses can push the thresholds close to the noise threshold of 0.1 keV for axion searches and down to 0.5 keV (1 keV) for Ge (Si) for low-mass WIMP searches.
In particular, we performed analysis of the lowenergy electron-recoil spectrum from the CDMS II experiment using data with an exposure of 443.2 kgdays [7] . The analysis provides details on the observed counting rate and possible background sources in the energy range of 2-8.5 keV. There is no significant excess in the counting rate above background. In the framework of a decaying dark matter particle we directly compare the 90%i confidence level upper limits on an excess rate above background of 0.246 cpd/kg at 3.15 keV to the total signal rate observed by DAMA, which is greater by 8.9a. In the absence of any specific particle physics model to provide the scaling in cross section between Nal and Ge, we assume a T? scaling. With this assumption the observed rate in DAMA differs from the upper limit in CDMS by 6.8a. Under the conservative assumption that the modulation amplitude is 6%i of the total rate we obtain upper limits on the modulation amplitude about a factor of >2 less than observed by DAMA constraining some possible interpretations of this modulation [7] .
An energy threshold of 2 keV for electron recoil events allows a search for possible solar axion conversion into photons or local Galactic axion conversion into electrons in the germanium crystal detectors. CDMS solar axion search sets an upper limit on the Primakov coupling ga,, of 2.4x10"' GeV"^ at the 95%i confidence level for an axion mass less than 0.1 keV/c^. This limit benefits from the first precise measurement of the absolute crystal plane orientations in this type of experiment. The Galactic axion search analysis sets a world-leading experimental upper limit on the axio-electric coupling gaee of 1.4 xlO"^^ GeV"^ at the 90%i confidence level for an axion mass of 2.5 keV/c . This analysis excludes an interpretation of the DAMA annual modulation result in terms of Galactic axion interactions for axion masses above 1.4 keV/c2 [6] .
SuperCDMS
SuperCMDS is the extension to CDMS with the goal to increase its exposure by further factor of 10-100. Based on successfiil ZIP technology The first phase of SuperCDMS also called "SuperCDMS Soudan ", consists of operating 15 kg of 1 inch thick ZIP detectors [8] . For this phase of the project, we will use the same experimental setup as CDMSII at Soudan underground laboratory. Considering our current background estimates and experimentally proven discrimination improvements with SuprCDMS new detectors, we expect to reach sensitivity goal of ~ 5x10""^^ cm^ at a very low risk: A factor of x~10 below our currently published results and x~5 below CDMSII expected final sensitivity. In particular. Our new 1 inch detectors are well characterized at CDMS dilution fridge test facilities and shown to have the discrimination capabilities required for the SuperCMDS Soudan projected sensitivities [8] .
SuperCMDS is currently fiinded for fabrication and operation of two Supertowers (each stacking five 1 inch Ge detectors with two top and bottom 1 cm veto endcaps as shown in figure 3 ) and is seeking for fimding to fabricate three more SuperTowers and operate at its fiill capacity until the end of 2011.
Since March 2009 the first SuperCMDS SuperTower has been successfiilly installed and cooled to <40 mK and is currently in process of phonon sensor fine tuning and commissioning.
In order to reach sensitivities below 10""^^ cm^ CDMS is proposing SuperCDMS SNOLAB to increase the total detector mass to 100 kg Ge and the sensitivity reach of 3.1x10""^^ cm^. CDMS is currently investigating several enhanced detector readout schemes to improve its background per kilogram to the levels required by SuperCDMS SNOLAB project [9] [10]. Also to mitigate the risk of contamination from Muon induced neutron background we propose this new project to be installed in a new deeper facility at SNOLAB. 
